Various fiber mutants of cotton have been reported since 1920. Two of the best characterized mutants are the naked seed loci, N 1 N 1 and n 2 n 2 . Recently, a naked-tufted mutant called 9023 was developed from the cultivar SC 9023 through chemical mutagenesis. The mutant was tested to determine if it was allelic to either N 1 , or n 2 or was a unique mutant in a new uncharacterized locus. In 1999, one M 3 plant from SC 9023 with tufted partially naked seed coat (fuzzless) was identified. In 2004 , 2006 (Lubbock, TX), 2007, and 2011 (Stoneville, MS), the homozygous naked seed mutant was evaluated with the non-mutated wild type parent (SC 9023) in replicated trials for agronomic and fiber traits. Crosses between the mutant and the wild type was made at Stoneville, MS in 2009. The F 2 of this cross segregated in a 3 fuzzy: 1 fuzzless ratio indicating that the fuzzless trait in the mutant is controlled by a recessive locus. Allelism tests with N 1 N 1 , n 2 n 2 and n 3 n 3 , lint percent, and fiber trait data indicated that the new locus in the mutant differs from the previously characterized fuzzless seed alleles in that it does not appear to decrease lint percent. We have putatively designated this gene . n n
Introduction
Normal cottonseed is covered with lint and fuzz. Lint is a textile fiber whereas fuzz is a short fiber that is difficult to gin from the seeds. However, spontaneous fiber mutants of cotton have been reported since 1920 (Kohel, 1973 [1] and Endrizzi et al., 1984 [2] ). Cotton mutants have been useful to cotton researchers in various ways. They are used to detect and locate QTL for lint yield (An, C. et al., 2010) [3] , fiber quality (Paterson et al., 2010) [4] , seed traits (Song and Zhang, 2007) [5] , and response to biotic and abiotic stresses (Shen et al., 2006) [6] to linkage groups on chromosomes in cotton. Turley and Ferguson (1996) [7] demonstrated that mutants can be used to determine differences in gene/protein regulation during development of ovular trichomes. Mutants are also a powerful resource for studying gene functions (Rong et al., 2005) [8] . Recent studies have also shown that naked seed fiber mutants gin faster and use less energy when compared to other conventional or transgenic cultivars. They also have reduced number of seed coat neps, nep size and short fiber contents (Bechere et al., 2011) [9] .
Some of the first mutants were fuzzless but linted (Du et al., 2011) [10] . Two of thebest characterized of these are the naked seed loci, N 1 N 1 and n 2 n 2 . N 1 N 1 is dominant whereas n 2 n 2 is recessive. The naked seed mutant (n 2 ) was initially characterized and assigned to chromosome 26 using aneuploidy stocks (Endrizzi and Ray, 1991) [11] . A second mutant (N 1 ) predicted to be homoeologous to n 2 was mapped to chromosome 12 (Endrizzi and Ray, 1991 [11] and Samora et al., 1994 [12] ). Turley and Kloth (2002) [13] developed a fiberless line, MD 17 from the cross of accession 143 (n 2 n 2 ) and accession 243 (N 1 N 1 ) and indicated that at least two loci (N 1 and n 2 ) interacted to produce this fiberless seed. Other fiberless mutants which have been reported in the literature include MU-5, a fiberless, lintless mutant from India (Nadarajan, N., and S.R. Sree Rangasamy, 1988) [14] , SMA-4, a genetic stock containing a recessive mutation (ha) that confers fiberless seed, and an epistatic recessive mutation (fz) that produce lintless (i.e. fuzz fibers only) seed in the absence of homozygosity for ha (Beasley and Egli, 1977) [15] , Fb1, an incompletely dominant fiberless mutation exhibiting no lint or fuzz fibers (Kearney and Harrison, 1927) [16] , SL1-7-1, an inbred line with three loci conditioning the expression of the fiberless phenotype (Turley and Kloth, 2008) [17] , XZ142w, with a fuzzless trait controlled by two gene loci (Zhang and Pan, 1991) [18] , and L40 where the fuzz around the micropyle is controlled by two non-allelic major genes (Musaev and Ab-zalov, 1972) [19] .
Historically, fuzzless seed phenotypes have been strongly associated with both low lint yield and low lint percent. This had somehow diminished the interest of breeders in these phenotypes despite their positive attributes like lower neps, short fiber content and better ginning efficiency. The two loci N 1 and n 2 were reported to inhibit fuzz fiber development and had considerable negative effect on lint production (Ware et al., 1947 [20] , Rong et al., 2005 [8] , and Turley et al., 2007 [21] ).
The objectives of this study were to evaluate the agronomic and fiber quality performance of a new fuzzless mutant of upland cotton and determine if the new mutant is allelic to either N 1 or n 2 or is a unique mutant at a new uncharacterized locus.
Materials and Method

Developing the Mutant
In 1997, a commercial variety of cotton SC 9023 (PVP # 9500237) was treated with 2.45% volume by volume ethyl methane sulfonate (EMS). The seeds were imbibed in aerated distilled water for 16 hours and rinsed with distilled water and treated with EMS for 2 hours. The seeds were thoroughly rinsed with distilled water again and hand planted in the field immediately. During 1997 (M 1 generation) and 1998 (M 2 generation), one boll per plant was harvested in bulk to form the next generation and to reduce the mutation load. In 1999, one M 3 plant from SC 9023 with tufted partially naked seed coat (fuzzless) was identified. To calculate fibers per seed and fiber density, acid delinted seeds were scanned for surface area with WinSeedle scanner (http://www.regent.qc.ca/products/needle/ NEEDLE/html). The mean length by number and fineness data from AFIS were then used to estimate the number of fibers per seed by dividing by the mean surface area to obtain the number of fibers/mm 2 (Eric Hequet, personal communication). Lint percent was calculated by dividing the mass lint ginned by the mass of total weight of lint and seed (seed cotton) and expressed as a percentage of the mass of seed cotton. The SAS software package (SAS Institute Inc., SAS Circle, Carry, NC) was used to analyze all data. Number of fibers per seed and fiber density were lower in the 9023 mutant than in the wild type which explains the low lint yield observed in the mutant line. However, when compared to accessions 143 and 243, the mutant had significantly much higher fibers/seed and fiber density ( Table 2) .
Crosses for Inheritance Study and Allelism Test
The fuzzy/fuzzless phenotypes were scored as described by Ware et al. (1940) [25] and Ware et al. (1947) [20] with the fuzzy seed corresponding to classes 1 to 11 and fuzzless seed corresponding to classes 12 to 16 (Figure 2) . Chi-squares were calculated to determine the best fit for all genetic models tested.
The naked seed mutant 9023 had lower short fiber content and seed coat neps than the wild type SC 9023. Accessions 143 and 243 had much lower short fiber content and seed coat neps than both the wild type and the mutant (Table 3) . This, however, might be a function of the much lower fibers/seed in accessions 143 and 243 ( Table 2) . HVI data from Stoneville, MS indicated that the mutant had comparable fiber length and fiber strength with the wild type but had significantly longer fiber than accessions 143 (n 2 n 2 n 3 n 3 ) and 243 (N 1 N 1 ) and significantly stronger fiber than N 1 N 1 . Yarn quality data was obtained only from Lubbock, TX in 2007. The mutant had higher count strength product, similar tenacity and lower thin and thick places ( Table 3 
Results and Discussion
Lint yield and lint percent data for the wild type, the naked seed mutant, accession 143 (n 2 n 2 n 3 n 3 ), accession 243 (N 1 N 1 ) are summarized in Table 1 . Overall, the lint yield of the 9023 mutant was slightly lower than that of the wild type and check varieties at all locations. However, the 9023 mutant significantly yielded higher than the other fuzzless seed mutants, n 2 n 2 n 3 n 3 and N 1 N 1 . The lint percent of the 9023 mutant was not significantly lower than the lint percent of the wild type ex- Accession 143 (n 2 n 2 n 3 n 3 ) 24.6 37. product is a measure of yarn strength and varies from a low of 1500 to a high of about 3000. Tenacity is the amount of extension or stretch of a bundle of fiber during a tension test. Thin and thick places are long yarn defects. A summary of the crosses, F 1 , F 2 , and BCF 1 data with suggested genotypes for the parents is given in Table 4 . The F 2 progeny from the cross 9023 X SC 9023 (wild type) were used to determine the inheritance model for the mutant. All F 1 plants from the cross (17 plants) and their reciprocals (25 plants) were all fuzzy. The observed phenotypic segregation ratios for the 264 second generation filial plants and their reciprocals (106 plants) are given in Table 4 . The chi-square analyses from both the cross and reciprocals gave a good fit to a one locus model with a ratio of 3 fuzzy: 1 fuzzless with a χ 2 = 0.7270, P = 0.3938 for the cross and χ 2 = 0.0130, P = 0.9107 for the reciprocals. The fuzzless trait in the naked seed mutant appears to be controlled by a recessive gene. The BCF 1 segregation data of 26 fuzzy and 27 fuzzless with a χ 2 of 0.0190, P = 0.8907 fit a 1 fuzzy: 1 fuzzless genetic ratio, confirming the F 2 result. (Table 4) . Turley and Kloth (2002) [13] reported that fuzzless seeds were obtained in n 2 n 2 plants when a second recessive locus (n 3 ) was present. According to their reports the n 3 is required for the expression of the fuzzless phenotype in line 143 and fiberless phenoltype in line SL 1-7-1 (Turley and Kloth, 2008) [17] . The fourth locus coming from the mutant appears to be new and we designate this locus as This locus appears to condition a partially naked and tufted seed phenotype in the mutant.The other allelism test conducted involved the cross N 1 N 1 with 9023 ( Table 4 ). All 26 F 1 plants were fuzzless. A total of 265 F 2 progeny were scored and all werenaked-tufted, naked, or fuzzy. The independent assortment confirmed a 13 naked to 3 fuzzy ratio (dominant and recessive epistasis). These results differ from the crossing of N 1 N 1 and n 2 n 2 where 1 out of every 16 plants in the F 2 progeny produced fiberless ovules. N 1 and are therefore on separate loci and interact to produce the 9 naked, 4 naked and tufted and 3 fuzzy phenotypes. Endrizzi and Ray (1991) [11] crossed (Naked-tufted seed) with n 2 (AG 208) and reported a 13 naked: 
Conclusion
The 9023 mutant is quite unique since it has a partially naked body with a small tuft attached to one end of the seed. The lint percent of the mutant is 39% higher than the lint percent of n 2 n 2 n 3 n 3 and 57% higher than that of N 1 N 1 . The mutant had lower short fiber content, lower seed coat neps and better yarn quality than the wild type cultivar. A recent study (Bechere et al. (2011) , has shown that this mutant gins faster and with less energy when compared to other conventional and transgenic cultivars. In summary, the agronomic, fiber trait, and phenotypic appearance of the mutant indicate that the locus in the mutant is not allelic to either N 1 , n 2 , or n 3 and is a new mutant at a new uncharacterized locus. We designate this new locus as 4 4 . The allelism tests in this study (Table 4) confirm this conclusion. This mutant can be included in cotton breeding programs to exploit its positive traits without the fear of adverse effect from low lint percent exhibited by N 1 , n 2 and n 3 . 
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